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(54) LASER BEAM MACHINING METHOD AND LASER BEAM MACHINING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser beam 
machining method capable of cutting a machining object, 
without developing a crack or welding on the surface of 
the machining object, and efficiently. 
SOLUTION: Inside the machining object 1, a reforming 
area is formed by radiating a pulse laser beam L onto 
the predetermined line 5 for cutting, under the condition 
of causing multiple photon absorbtion, and making a 
condensing point P agree with the inside of the 
machining object 1. The pulse laser beam L is a linear 
polarized light, and its direction is controlled so as to be 
along the predetermined line 5 for cutting. By splitting the 
machining object 1 along the predetermined line 5 for 
cutting making the reforming area a starting point, the 
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machining object 1 can be cut with a comparatively small force. Since in the irradiation of the 
laser beam L, the pulse laser beam L is scarcely absorbed on the surface 3 of the machining 
object 1 , the surface 3 is not melted caused by the formation of the reforming area. Since in 
the reforming area, the size in the direction along the predetermined line 5 for cutting can be 
made relatively larger, the reforming area along the predetermined line 5 for cutting can be 
formed with a small shot number. 
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[tt#3Sl] l«*0«fR*©ttR«3te«:Lfci^-- if 

[W*:JS2] l#*©ffiR*©ttfR«ftSrUii'--1f 
*©*3fejfeSr JnX*r«5«05rtlflJlc-&t>*d»o U'— if 

«R{H3fe**^R©fitt^tria*px*rtfe*o«i»f^ 

*S1 X 1 O 8 (W/cm 2 ) «Ji-e*»o-"?/u^«as 1 /tisOT 

if #&Hatt-r a sna^oR^s 
vKJBortmiaiinx^wortswc^ 9 y ?mm* 

[tt3ft*3] l£Jl*©ffiRs*©*R<B3fc«rLfct — if 

=t«Rffi3t^^-r«R©«isi*sfltns*nx*f^!K)©§j»f^^ 

iUx lO 8 (W/cm 2 ) ^_h-C/5-ox^^i)iiiS i A S ^T 

cD^#-e if #«rj»*H-* n t \c ± 9; Hfriaw^ 
^tf»K««*»*-r5ISftlB*.5, u— ifJDX^ 

*fco 

[ft*^4] l£t^-0«R4i©ffiR«3t*Lfc^-1f 
3fc©*3fc^«r*nX*rtfe«>Ortlf|5K-&t>**»o U— if 3fc© 
«R(H3tSr«t1«R©«tt^8W^X*nfe«j(0§IBf^€ 

AS1X10 8 (W/cm 2 ) ^JiT^o/nVW*^** 1 ns.EAT<D 
— if^^Mtt-rar irtcifj, IMBSJBf^je? 

>f >'{c»oT*aisJnx^!^<ortSpcjs*T^*sgg'fbLfc 

««T&<5JB*rWft««Sr-&trafeKffi«S:^i-*X 
5 ] tfrf&W Bfitttt«R*as*<oitt»{Htt-e 

fS*^l~4 0V^i*^{CfB«eDU— ifiPX^ 

[M**6] SfllE«R«WtSR^*l/4jgS«co 
*ttA3C'ftl-J:9Wai-*, ll#*i-50^fiia>l!: 
IEm^> l— if Anx^Sfc. 

[ft*^7i «riBBkK««s:jefij6i-axs«, 1/2 
Sfisia 9 1 — - !f)fc<z>{iift£»&9 o° «»tia(E$* 

t, iirlBiWX*tti[«»KU'-lf3tS:BgJW--rsxS«r<l»^ 

5, »#«i~6<£>v>-r*ua>{ciB«<z>i — - ifApx^-efe. 

SfriainxM*^ff$*-(S]^tti: lt, mmax*t*tVo 
$ru&9 0° «wig|5**r, «nEaiPi*rtMfcK:w— ifft 



[W#«9] l^«?tSR^©«fRflS3t*Ufc^— if 
#©ftft£&iWX^4fe<0rt&lc^bii:j&»o i — if ftco 

7^y|^?i5tt, ffiB5flnx*l*«jicu-iftt&jB 
[W*JS 1 0 ] ^/v;**!** 1 ju s^Tco^^/v^. u— if 

jtesrmm- 5^-if#as£, 

tWB^— tmt**tfc^^ !f*Sr 1 Sift 
©«R*©fl|Rfi5fcl-Wf8S-rS«Ra(sWJ»#S t , 
SffSBW RW»#a^J: 9 WttSJtfcA?^* 1f3te© 

v t f& 5 J: 5 Cfli«i-S*ttfl»M <b * 

yt&<D\?~-9s*7—f&m*\ X 1 0 s (W/cm 2 ) J^JttCft 

S «t 5 \zs<;v* u-if 3t^«-r a*>t#^ fc , 
HWB*3fc#I»i: ± 9 § ftfc/^v* u-if 

*Jnx*i*tt©rtawz:-&-to*s*afc, 
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s<;v* v— if3fc<£H!5fe&B&9 0° fclj-miElftS 9 0 
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£ii:5EHE3Ml«:«:«*.3, IBM 1 0 §2®cd t^-if 5&RX 

[MM 1 3 1 s</lsX.m& 1 /is£AT-Cfeo-Cd^oB: 
JMHH3tS:W-t-5^/u^ i--if#£ffi#*-r5 u— ifftSI 

stiis u-if jte«w» e wft $ i^-if ^(de^{s 

^>^!7— *aE*l X 1 0 s (W/cm 2 ) £JLL 

wism^sict u—if^©*3t^ 

SrlBjtS, v-if*PX^fi„ 
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[0 0 0 4] La>U ^t>©^#©^2f*fc-?«\ an 

xM^^ic^iis^w^^tvNi, imxmtmvmm 

[0 0 0 5] &&W<DB&)tt. JPX*J^^C9^BfcW 
[0 0 0 6] 

[0 0 0 7] i^-fiDI^lcititf, JP 

X^*©rtSBlc*#;K«:-e-fcHt:T i^— IfftSrHMt L-*> 

^2>yt^-w.i&t\<^om.M&mm't5z.t\££'9 . man 



Sw-iFJpXMfctciJUf, 

^fc»o-CJPX*f*«j*sS4*i,S^ fctcj; 9 , *P 
X*rtfe«j«rS)BH-5ifc*ST?#5. tot, J*««j/h£ 

[0 0 0 8] #3§e;3i;:#5 U'—- tf^PX^ifeicttu 

-Cafc«te«&J&£LTV5. ±oT, *PX*f*^W^B 
T?tt i^— 9***5 « i: ^ if &Jfe $ ftftv ^cD-e, ftlXttM 

[0009] a u-ifaqi#iHc .tax 

o«M7^yifi^ £?tc, lni«*«lcu*— T* 
#{cJ;*Uf, *fRflI3te&L.*:U'~ FttSrfflv^t. «R 

^f^-fytf^J:?^ u-ifft&tox*tfMftte: 
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[0012] *38Mm«S I if JPX^fett, 1 £1*© 

<Dftmc&tti>^ !f 3fe©«Rffl**«-T«R<OS 
WdsJnxWJfeftoSJSrfS^-YvtJBSi^lc, 
|Cjolt5f-^^!7-aa*5l X 1 0 8 (W/cm 2 ) et±T? 

rirtci?), aits?^ ^m»o-tapx*i-«i4fc©rt« 

y^««S:-&tfafeK«l«Sr^-rsxe&«*.5 

[0013] *38wij:fliau— ifapx^jsfeictttri, *p 

X*f««j<ortSRjc*3t/SSr-&i>a:T, **^tc4oJt5f 
— ^^y— &^asi X 1 0 s (W/cm 2 ) &.±X-t>*<^s<J\'X 

fcfc, *PX*f^©rtg(5-CH:#*^©ilXtJ;5*^a 
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— tf*RX*-jfei:lll^{c % Scl^^^Wl^t^, 

[0015] *?§ejic«5 u-~ if flnx^-jfete, l £JWo 

ffi R^<Z>l«RfiIft£ L-fc »F^©*3t^^PX*j-^ 

\Zi$l-tZ>}?-?s<V—<gm&l X 1 0 8 (W/cm 2 ) £A±T? 

rirtcj;!?, Wffg5-f vj£&oT>!iPX*f«i4£i<©rtgB 
^^Ma^fe^^K«?r«-t-Sxm^«ix.5 

[ooi6] r*px^ffitcj:n«, tin 

-^/<!7-WlXl 0 8 (W/cm 2 ) a^x-c^o/-?/^ 
BdSl /zsiUT<0^#-CU— tfftSrML-CV^ ±o 

r, Apx^^rort^ti^^KKtcioT^MWlcAp 
^oAp^J:f)jpx^#)^>rt$15{^B!!i*!iS 

-«-?^5©t, ifiPX^SfetcJ;^ 
APX^f^tDMt^Sli^Kf^^^vd^^n 

fc^n^fij^Sr^^ -frs r <t * < , - if anxas-sr 

tltttS, w©l/— if*PX*-jfefiDjPX^^^ UTtt, 

[0 0 17] *fc. tf3toaR«Sr^i-«P9©S 

!K)tcu-lf3tSr^ttbTV>5iZ>-x?, ±lB*»Mfc«SW' 
-ifSpx^-fet^tc, &SC««&»*ttfcJfcj«-ef\ 

[ooi8] jgsniztts u-if*px*-&«, i £w<d 

©rtlBJ^to*!6>o if#a>« ROKfefc^i-t-flfRroS 
fcdaitstr— ^^17— fl5**s 1 x 1 0 8 (W/cm 2 ) 



««^j*-t-Sxe*»^.5r.i«:<Kraf:i:i-5. 
[0 0 19] *»WK:iS5^— tfJpx*fe^±ntf» *0 

— ^g^l x 1 0 8 (W/cm 2 ) WX-C^o^u^ 

tfJj^tC'^i'^tlSrSi&TJK L-T, *3fr?-KJK«:JPX 

d?— is^^/p^-jr^-fb-fr-ftr, Jpx««4S»(Z)rtS|Jt 

x*«feoJqx*r**iu-c»» Mt«, #7*&-^trgB 

[0 0 2 0] w-1f3to^RM7tSr^i-ffiROS 
tt*sjPX*r*46©§J»f^^9-f £ 5 UJtoX*** 

tfo\zu— »f>tSrR8ltbTV^co-t?, ±flB#3BWfc*$ i' 
-ifjpx^&i:^!^ afcKffitt&»*«jK:jgrirc§\ 

[0021] ±E*36wtc«s i^— tf Mttm\cmmx 

[0 0 2 2] «fn**©+SRffi3tSr^ri-S^—1f*«rffl 
^Sitjjs-C**. iR$f©i^, iffiifHHfttfcS. 

«/MJHii-5rids-5rtii*5 0 ffiHiB3fe<o«fra 

i / 4 m&m<t>&wk mix. «t •? w«si-s c <t as-e 

[0 0 2 3] »f«Wt5lSt, l/2iS«* 
{C<fc*)l — 1f;ft<Dfllft&B&9 0 o *fltEME**-C, *PX 
*f^{ci^-lf>tS:RgJN~rsri:*s-C#Sc 3feK 
««*Jgfijii-6IS«, iDX*f^f^<DJ¥$*-nSj^Wi:L 

t, anx«*»S:i&9 o° «»tEHs**r, anxst** 

tci^— if3tSrflSm-Srt*ST?§-S. ^H^fcit), *p 
x»*«b©afB5t»ofc*i^{c3aEtFd>o3kK««tSslS 
bfc«b«ogkK«i«*inx*r*«50rtSiJte^^-j-s rii! 
i$ot, Xi*iSlRrWi*iSi©9]»rf 

[0024] if Jnx^jfett, 1 

IfR^OffiRilTtSr Lfc ^— *#©»fcA*aDI»«* 
«!6SiPX*|*4fe«>§J»f^7'r 5 «£ o UT, *PX 
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[0025] ^mw\^$kz> \s— Tipx^ffitcttuti, \s 

fi, MJLM^mcu— ifft^iix*-^ mJlttgtM&M 

-fr, w^xtcj; t)APX##i^<7>rt&(c&««£«U 
[0 0 2 6] sMBWUHRS^—- «fJnx£5Wi, '<;V*$g 

«r*^*H©S«i#Jnx^4fe©«0rTO5>f ^£»5 
l x i o 8 (w/cm 2 ) £U:fcft3±5tc/-*A'*U'— 1f}fc£ 

[0 0 2 7] #38WK:#3 w-- «nxsg«tc±*ttf, ± 
lE^BBJ Jc-CR S if iPX* ifc i: ft«<z>a& \z. X *> . Ap 
x*f*tt©SEiB ^SK>iiO»r^5£7 -d- b^tWc^ 

[0 0 2 8] ±flB#35Wfc«3 i^-^PX^Htcigfflt? 

[0 0 2 9] «fP3^f|ias#aiCj;*)WH8S**t^/l'^V 
— !f3t©<H3fc*»9 0° «ttia*g»|«-J-5 9 0 o migp 

LTJPX*f^d^@$*xS^« 
££m&9 0° y£ttliME$*5lHl<EM«:«*.5J:5lJ:f 
SrtiS-c^s, rfrbJCfciJ, a^v* U— if fttfiffi R 

(DWm^y^^b^o i5mrtm5„ f£o 

[0 0 3 0] #3§Wc#& u-lf JqxiRKtt, ✓■vu^fi 



1f5tSrffiMi-5 i — - ?*Mb. i^— !fjtaRd»e>aJtStb 

BUMMttmic j: tj peas* tt*:^^ i — -r^©* 

ftj£<af— *"<I7 — X 1 0 s (W/cm 2 ) £A±fcft 

aj:5K^^i — *?yt*Mycrz>$k%&W£.b, 

b, Mx5ri^»it5 a 

[0031] «fjpx«wc±nwr, ± 

ffi>«8Wlc«<5 u— tf^PX^&i: »ailci "9 % *P 

mtzmfr&&£.£M& z. tft< , w-if§j»fjpx*5-sj^ 

[0 0 3 2] 

^xmrnzm^x^wtZo *jt«»ttic«a i^-if 

[0 0 3 3] W^fcDKllXW^^Kdf^y^J;!?^^ 
co^^/v^-h v ^J/Jn * v % 1 mcmm b ft 5= io 
-C x tt-W-!»Jl5l*SfeU.5*« : l4hv>E G T?*>5. L*^ 

-f-^tnhv >E G <7?lfe# (n=2, 3, 4, • • • 

&(D¥—?/<7—g;m (W/cm 2 ) -Cj*^ »3 , «*.tffcT— 
^^T7_^ S ^ 1 X 1 0 8 (W/cm 2 ) eiiiCD^#t?#^^ 

!P %<r> l ^ <o cd^/w^— ) (u— 
*^^^>«#^^ (W/cm 2 ) -ea:*©. 

[0034] ^<7>£ot£&yt*w.>8.*mm-rz>*mMM 

w— if *PX©JSajcov^-CBI 1 ~E! 6 Srffiv^T 

iftB^-rs„ ia i j4^-if*px^©*px*f^ i ©^ffiia 
T-fo 9 » ei 2 fiis i K^-rmnnmm 1 ©ii-iimitjB 

ofc»fffiE|-Cfe •? , H 3 tt tf JPX^OjJPX^ife) 1 
O^fSEl-Cfc*). EI4ttE13{C^-r*PX*f^^l<OIV- 

iv«ic»o fc»rB5Ht?a> , n 5 asi 3 KTjk-rmnn^. 
voi<Dv-miz%;^tzMmmx'3b<Q, mettwrnztiiz 
inxatniflfc i ©jpKig-efe-5 0 
[0 0 3 5] El l xtrBB 2 tc^-r «t 5 tc, MXtt&tb l 



3tL:5S«3t bfcfS^f <b -eft. So 
[0 0 3 6] ^fmWfS7^v5l;fiot 

«£*i,5„ *Wilc«5i/-f»Mli, 2>PX 

i a* -rytL&mi-z zticx vmttmm 

1 Srl6fRS-&TafcK«« 7 «r»rtWS©-Ctt*v\ *RX 

i \c is-yyti&mm $ «ap i ©rtg&u: 

^•^®HK^fe$-&T3feK®«c7^J^b-C^5o «fc 
ot, JDI*ft«5 1 O^I 3 U-f »*5|5 1 ^ ^ 

©Jfc£*t&v >©-<?, *DX^Wi©*ffi3^»iB-rsr. 

[0 0 3 7] JnifctfMfc 1 ©§)WC*5V>T. isO^S® 

■e, 0 6 (c^-r <fc 5 lcJtlRW/h$ *^7-Cinx*Nfe<ft 1 £ 
SJSrTS 5. iot, jpx*ttfe«jl©M3 

Jc^S*fiJjx«r36^**S C i: ft < MT.tt$i® 1 ©«J 

[0 0 3 8] ft*5, akSf««4:je/St UfcflPXSfft^© 

TAQX*hfe<felcft»f^^ti:A/»f^SrJD^t), *PX 

fctcj; 9 , &mttfrjB£& LT*nxSirtfe«»<o»rB5*lft 
0?£;frfa) Kfa^oTg&Jcmu ft*WK:JnxM* 
4fei««J»r*tuS4fre-eifeS. ^Hfi, «^.tfapx*ttfe» 
©JS^/h£vv®£% 5feK«^lot?t>WffiT?&<9, 

TfeS„ 

[0039] $-c. ^mmmmicio^^x^^m.mcx 

•J^$^SiSfeHfH«t LT, #C© (1) ~ (3) asfe 
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[0040] ( i ) akK«*!fls-oxtta«©^ 7 y * 

EH****) ©rt»Wft3tej&££-:b*-t\ *3t^*5rt5 
X 1 0 8 (W/cm 2 ) £t±T?*»0^/l'^*B^l 

#3fe^-»iRSr^DS-e:ooJpX«-*«j*B5tjfeW-JS:^ 

5. ^©3t¥W»«Jc±0JDX»**©rt«»|!iJ»t>i**. 

X10 12 (W/cm 2 ) -CfeSo ^V^"|iS«^J^«lns~2 

!&©«{*, 09*.tf, 184 SEU—lPffMjpXW^gfeX 
* (1 9 9 8<££. 1 2^) C0f2 3I~®2 81© f"@ 

[00 4 1]*«9ifli, i»3iiti^57^©*ti 
fc©BB«SrSe«klc± H^#^^©ifit»-e 

[0042] (a) munmm •. uy?* (Mm^m 

M) #7* (J¥£ 7 0 0 Mm) 

(B) U— »F 

3t« : iMIftJU— tFJ&jgNd:YAGU— !F 

: 1 0 6 4 nm 
U-if^^y h&HrEffi : 3. 14X1 0- 8 cm 2 

jMI^jSU^W : 1 0 0kHz 
^WX^i : 3 Ons 
m^) : UJ^)< lmJ/^W^ 
l^-f* : TEM 00 

(C) «3tffil^^X 

(d) mi:tt&mmwi$tizm.m-&<D®W}m8. •. 1 o 

0mm/g> 

ft*s, tf^aS^TEMooi:!*, «3fett#»S< U-if 

^©^«^S*-e*5fe-Biffi^E*1- 5o 

[0 0 4 3] H 7 tt±IB*R©*S*S:^-r^ 7 ^-Cfc 
«!cirftS 0 97vt*i£v K©^^$«, 

So yyy*<Dm%r-7F-r7 : -?}t.Mftmi'i'X (o 



©ffiFSfctfl 0 OfflK fflPit (NA) #0. 8 0©i^-efe 

(C) ©W5 0§, Mn$t (NA) ^0. 5 5(Di§t^ 
T*k3„ tr-^/<!7— O 11 (W/cm 2 ) 
i«X»fe*b©rt«Bte*5y**:iKy h##£U 

[oo44] *mfi?gffifcff a l — -t^nxic*^ 
-r J: 5 ic, ^^BftiRasfetaA^-eanxssMfeife 1 ©ft 
fi£i-So * ? * 9 tt-oxtt**©* 9 y * 

7y*#JnxatJfeW10>*B5 3 £»®2 ltail, H 

i i i^-r* 5 leftist** i anwats r £ \z £. <o mn 
4* tc73 »ma £ 5 r t k i t> j&s-r £ »&■ t & s „ 

[0 0 4 5] ( 2 ) SI««#^ij(!ilfJiroi^ 

sasas i x i o 8 (w/cm 2 ) k±t?j&»oa^v*«;&s 1 m s 

^^f-KJRlsiio-CJaBfttJcipm*^*. ^©JnSJ&tcJ: 

«*&twa«^e>SBfbi- a 5 

tt, 09*.HTl X 1 0 12 (W/cm 2 ) -efc5„ ^V^WttflS 
*.Ht 1 ns~ 2 0 0 ns*S#S LV\ 

[0 0 4 6] ^ujig-tt:. ->y 3^c*^ort*-eJWil 

[0 0 4 7] (A) AlXAMMfe : f!J al'**^ 0¥£ 
3 5 0/jid, ^M^-f 

(B) U— iP 

ftSS : ■ rMNdrYAGU— *F 

: 1 0 6 4nm 



!f#;*Jj*y h»rB}» : 3. 14X1 0 -8 cm 2 
Wi:Q^^7^/V7, 
fkg&Lgl&ft : 1 0 0kHz 
y</U^m : 3 0 ns 
tHt) : 2 0 ji J/a^* 
W— " tfTtSS : TEM 00 

(O ffluyx 

mm-. 5o§ 

NA : 0 . 5 5 

l^— ifJtjRSfcSsr-l-Saifi* : 6 0^— feV h 
(D) JDX*|-^^ma$ttS^B^©^«)aSft : 1 0 
0mm/# 

Ell 2ttJiE*#-e©u-l?aiXlJ:J:0§I»rSttfc^y 
a««©i?§*rAi©^:S*t±i o o Mmmg-efca,, 

[0 04 8] M®1« 1 3 tfS#7W©J|XtC<J; ») ftgjft 

y =i >"S&©ff #-t^ 5 0 p. nu 100/zm, 2 00/im, 
500ji nu 1 00 0a m©#^ (coV^TJilEBi^S:^ L 

[0 0 4 9] ^!lx.t*s Nd:YAGL-— tfc7?iSft-efc5 10 6 
4nm(C*3V^T, -> U >"St5©ii:^^ 5 0 0 n mSXT<D 

iii"S^ids^5. Ell 2K*tV'J =*>V~^1 1 
©f$ii3 5 0 (i«i-cfc5»-es #*T-3RttlcJ:s»i» 

1 7 5^©^l«$H5 0 iO^WM^f*. 
2 0 0 ^m<D->!) 3V^^^§r##^-r5ir, 9 0 

rtfi. ->y 3>!)iai lortgu-ci^— tf3tdSKJix$ 

I66I (2 000^4^) Of 7 2I~I7 3I© 

r^ri^/px -if tetany =i>ojDXii#ttfFfiffij 

[0 0 5 0] **5, ^y3^5r*^tt, ^MSW^ 

tcaim-sciowtbfis^icfijts-j-sii^-tabau *o 



-7- 



x*Mfc*i^asHJjps*tar tick <of&&-rz>w&hib 
5 0 ft**, SWW^J'Pay^i^iBil 

*u&»— o-e&a. ^-fMWi&i>wm&.<D%}mwtzm 1 

[0 0 5 1 ] ( 3 ) a«K««*SJB*f «-ft««©»-& 

Sr-&*?*T, *3fe^J!i*stt**JHftft*si x l o 8 (W/c 
m 2 ) eij;-eA»oy«/u^«ds i nsfitTro^-ensm-*- 

Kffii: LTtt^ «*.tf 1 X 1 0 12 (W/cm 2 ) ^ 

w*.tx* m4 2m^—^mux.m^WiXM (1997 

HM) (DM 10 5I~®1 1 1IC T^^A b# 
[0 0 5 2] £X±(D£ 5 K*miS^JIfil!iJ;n«iJSc»«« 

tt, iElfeffiJtSrbfei- — ifft©Bjg|^cDft£#;!jnx*r 

%<DWn, 1^0->3yl- (o£ 9 1 ^;V^©1/- 

[0 0 5 3] (A) JnXfctfMfe : /V Uy^x^fy^^ 
^ 0P£7OO/inu ^t4^yf) 

(B) l^-if 

« : tfiajeNd:YAG^— if 

: 1 0 6 4 nm 

\/— bmmm .3. 14x1 o-w 

*9 5gLJ98afe : 1 0 0kHz 
s<;UX$& : 3 0 ns 
Bit) : ffl^)< ImJ/^VV^ 
U-f*fi® : TEM 00 



mm : 5 o<g 

NA : 0 . 5 5 

(D) *nX^^^««$tv2,««^COM^ : 1 0 
0mm/# 

Joxsrtfett-cfca-y-^^n, 2<z>45-*»£*sv v t\ *nx 
* 7 y ?mm&tef$. bfco ij-^^/u 1 Kmmmit<Ds</u 

— if^SrHltb. •^V7 p /W2(CR^CD^nVW^V— 
[00 5 4] El 1 4 y^/v 1 ©TS©?X«rS Lfc 

a-e^o, si 5n^-^/u2(D^m<D^-M^\^tcm 

t?*>5o i#v6«> s PBBr*^«A'^ U'— !f3t<OAM®2 0 9 

CPHCP3«3t;*StSCWK:^UTV»5. ttts 12 1 6 {4EJ 
l 4 t/Tttv7";n ©xvi- mi»lc»o/fcWiB«r*5*; 

6t{'*bfcHl"T?fc5„ Ell 7«®1 5{r^-t-^^7°yV2 

©xvii- xvi m t o fc»f ffi ^ms: W {C* L fc @ t? fo 
So inx*ft»#)-c&5#7x#^2 1 1 ©^asic*? 

y*J*#* h9 0aWc£*LTV^ o 
[0 055] 116 td^-T ± 5 (C^/V^ U— if^BJU 
1 '>VW* O^ayb -CJgfig $ ti 6 * 7 v 9 

y h 9 0©^^ClCD^rR]^-M$n-CV^S^i:S^^b 
-CV^2>„ — *\ H l 7 ic^-r i 5 \z.'<>\<x i — if3t*SR 

^.^Ky K9 0©^{44#«©*t»J^^:^<^e > ^v\ ft 
^5f^tW^©^7-y?^^y h 9 0©^*&(i, 

[0056] i<omMS*A>e>9J»rI i S9'f 

B^i-?.c 01 8 2fct*Hi 9«, muM^mcD^m^m^ 

y h £^5^ 75/^X^5/ H 9 0 
^Sfff^-fysicjSot^SWts n t (C J; <9 , 
mm^y-< > 5 Jcf&ofc^ 9 y ^««9 ds^fiK* ttT 

v^s 0 in i 8 s<;u* u—v%.<Dmi&myt<DXfa&w 

Wr^mv-f >5K%io J;5tcbT, w— -FftSrJH 

*tb-t^$t^^l^7 5'^5'ffi«c9^bTV^5„ 
^^7K?/h9 0«, «0»Tf-5£9>f V5W^{df&o-C(D 

je^-f > s 9 y ?mm 9 ^^-t-s r. t 

t5„ 019tt, /</\s* is—' ? %<DWMm?t<Ol5 



^•{Clt^Tv-a y HMS#Kfc3. lot, Hi 81: 

9 jc^-r^j: *> t^innc* 9 y ? mmttM&t-r Z> 

[0057] B19 l£^-r#}£te: s ^/V-* I/— IP 

i — - fyttm&znx^zv-^ */a y hmzmtft 

h 9 OCDiZl^nJ^^-f V5©4il*rp3— <DMW*± 
* < ft 13 5 , JPXJtfftftSr^Wr^^^W V 5 |c» 

[0 0 5 8] ft*5, akK«*©^fj5fe«>5t>9f^iRi©^ 

•eRWLfcs&s, «R<H*-CfclSICn 

t»R»Sttb*-fS]{r^9s/^^^y h 9 OcD^^sffiil 
'Six, r©*^il::?&ofc«^Wic*#v>?7y^ 

ffiR«3fc«r Ufc u-1f3fc©ffiRffl3fe«:*^R 
JjDX*fJfe«0«J»rF'S9 -f V <t » 5 <fc 5 K LT ^ 9 y V 

©WT'fcSo ffiR^/hS<ft^{i ( if, ^7 7^* 
s/ h 9 OttS«b*iRiC»ofc-+aeiS*t < ft*. i&fi 

*#<-c#ttv\ iot, #3l»ffiK*5i^ThfcffiR^ 
l *;}xftv\, 

[0059] &mmm<D^-m<o 5 ^sHe^r*©-**** 

[0 0 6 0] #C{C, *||JfiJ!?»(0^frW*ttW-rS. 

[0061] [jk 1 m *nmMm<Dm 1 «nc«a u- 

IfjQXKIBteoi^-CKfji-S. El 2 lttrou-floi 
SI2 00 colW&«f£|g]-?fc 5o w-if iPXSSH 2 0 0 
1^— ^TtLSrlS^-rs !f3te«l 0 1 If 
ftL© ttl#-*ww* frfSgfj-T 5 «> u— If 3tM 1 

0 1 «r«i#rf-« r^sdwww io2t, r^tas 

1 0 1 ^fetmtSttytv-lP^LroiH^ffiRipSrPMS 

-rs*»R^fififi^2 0 1 «R^fi§i5 2 0 ia>e>w 

M^ttTtu— 0*3teLS>flS3teSrl»9 0° «ttlirtEPfflii-5 
9 0° El WfitfSB 2 0 3 t , 



[0 0 6 2] IfftM 1 0 1 Ji^/v.* w— 1f3t£3§£ 
1-5Nd:YAGU— IfT'foSo U-fftSl 0 HCfflV^SZ. 
t^filz-ftlT, rwflil, Nd:YV0 4 U— if^Nd: 
YLFU— !ftf^^t7 7'(' 71/- ?7 7^ 

m®*mM®mmi$i&r*j&-rz>m&. n<i:yag^— tf, n 

d : YV0 4 If , Nd : YLF tf V > £ CO i)mM~Q 5 . 

[0 0 6 3] ffiR^ffgJjgfl 20111 122 ir^i" <fc 9 
fcl/4«*R2 0 7 £^*>o 1/4M«2 0 7 tt*" 
ttfl 8 C £ K «fc •? ffiR«©ffiR^& W»-e# 

5 0 i /4 se««e 207 \mz-\-s.w.mm%w 

(DKMK&XM-tZ t , Sifl3fettgf«ro«R*©*RIB 
3tEP<kft5o *te«if±ftRoSfte^X«)i:coft-t-^-e 

$xt\.<DW&tmm $ix5o t^R^pfiPsu 2 o i \c x <o u 

— !f*L©ffl3feS:M©«R*Sr*-t-5tllRffl3tEP"e* 
5o iPXM^lcDUS, MK^^MLT^R^ttP 
@S$ix5 0 

[0 0 64] JpX*Mfe« 1 {Cffi^{S3feLPO U—if jtLSr 
J«*H-3»£\ u-f*Kl0ia^WitSli5u-f 
3feLtti£i^iS7feLPft©-e, I/-if3tL^ii^<l7tLPco** 
•ei/4«««iSriiiia-t-5J:5l^ *SR^M«2 0l 
tti/4«fi«2 0 7<o*ffi:«esrpai-s. ^ 
-«H 0 lA»e,r±iffi»«3t©V'-1f3tL*sffiltS4x 
SO-C, AnX5^*« l © i^— If flMttiffilSMH3ftLP(0 
ifTtfctt^Jffl-rs^, ffiR^P®igi5 2 0 1 1**11 i: 

ft-5„ 

[0 0 6 5] 9 0° ®mm%iU2 0 3tt, H2 3K*t 
i?^l/2«^2 0 5^tfo l/28tft«2 0 5 

ft45° OiijISMLP^AM^^AIt-r-Si:, Mtt 

^AttTtLP^c^j- lt 9 o° tcvmm^izwmmytLPzt 

^5. 9 0° IfiltePtfi^ 2 0 3 tt, WR^Pgfi^2 0 1 

^e>mjH$nfc^-if7feLwii7t^9 o° fcitmte*^: 

1/2 StS« 2 0 5 £ U~ tf 36L©3t«l±KE 
tt$-a:SK)f^^-t-So 9 0° [HlieP«?j§B 2 0 3 

tt, tfRW»2 0 ia»feffilt$*tfcw-1f3fcL<Bfi' 
7t*[i]iSE$^:/iV^®^-, 1/2JSS«2 0 5^l^-1f>t 
MDytmft (-Tftto^), - Wi/2SSffi2 0 5 

[0 0 6 6] W— 1f*DX^B2 0 0«$6,JC, 9 0° 0 
^M§C2 0 3-C<l7t^9 0° «JtliHsf8«!*nXHt4 
nftVM^—- if3feLdSAMLd^oi^— !f3feLcD3tlft©lRj^Sr 

9 0° ^^Sct5{cgaa$ixfc^^a-rs/^$7-i 

03t, ^^^-^57- 1 0 3T?SJt**bfcW— 
1f3tLS:**i-5*3tffl 105h *3tffi U 

1 0 5^3t$n*:^--1f3feL*sjJBat$4x5*PX*Mls«> 
l*S«K$n5««-&l 07^ mfi-^1 0 7SrXf4*- 
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iRji^fts-^sfcfcwxtt^T 1 — $>i o 9 i 

O 7 SrXW*-fp][cii:X-t-SYtt*-|R)(c^S!j$^r2.fc*cDY 
ttl^^-^l lit. tt^l O 7 ^X$ftS.OTW*(S](C 

i£5E-t-az«i*rRi^»»$*afc«><oz«i^7 i —- 5^1 i 3 

<£«-fcl O 7©X-Y^iSS:JPX*iHfe«)l<0»**|S] 
&Wt LX®fc£itZ>1Zlb<D0mX7'-i/2 1 3<t, r 
n,lbEgo0^.x— S^l 0 9,111,113,21 3<Z># 

[0 0 6 7] ZmXfattMJLtt&m 1 CO^S 3 i w.&-r 

^^^(pJt/iSo ±oT, Z|4^.^-^l 1 3^ZW 

^/£P«>X<Y)tt*fa<DfMKltt, JPX*f*»lfcX(Y)«I 
^f-v?10 9 (111) Jt±«JX(Y)tt*I^U^»S* 
5^ t(wif?tf 5. X(Y)|ft^x-^l 0 9 (111) & 

[oo68] mi mxnmuM^ i ©amm^/i'* u 
T?#«*e>aB»*u*-if*-ct>j:v\ mtm^xi o 

5ttSfc3fe^S©— 0tJ-t?fe5o Zfft^.^— 1 1 3fiU — 

T-feSo *3tffluvXi o 5«rz«i^lcsgp»$*ar. 

[0 0 6 9] y*ni$s« 200 (4$ e>(c:. fStt-iU l 

0 7 fc*«s*bfc;&niafrjfett i *^mtM\^z. <o mm-r 
ttM^m%m*&&i-%ffl&m%mi i it, 

^n-f 1 0 3&UMytm^^^l 0 5 irl^C 

*«_h^EBS*ufcBrffi3t«©^— A^^y 5/^1 19 

10 5 tOKUc^V ^n>f l 0 3^E«*n 

TV>5„ ^-A^.^!; y # 1 1 9(4 N »PBi3fc*§l<0#*j¥# 

<Dft.®i<DfaZ&9 0° 3E*.<5J:5fcje«gF*t-Cv*3. m 
£Sffl3fcMi 1 7a»b»£Lfc"Bm#i»tttr--A*:/y y 
*i 1 9X*ffi¥ft&BiMi$ti, Z.<DRKistif£-siVL?m 
? <a4 $7—1 0 3M)feMi/yXi 0 5 

[0 0 7 0] u— if*qx^«2 0 oht£t,tc, tf — 

fflUVXl 0 5 <tl^C^#±jCgflS$ttfc^^l 2 
l&TttSifel-'^Xl 2 3«M»*.5„ »«fl2UL 
Tf4^J^L(iCCD (charge-coupled device) ^7^ 7^&5 0 
iSOBfrf-Jg?^ v 5 <*«r£tr*ffii 3 Ufc-HT«*i»<o 

10 3. f-AJX^y 1 1 9&3SifiU tt*W^X 

1 2 3t»^xiift*fi 2 i -eitife^n, «teir 



[0 0 7 1 ] I/— iFAPX^«2 0 OttS&C, Jf&ifi^ 

**asasi 2 5 t, u-n-1.mm.20 o±w*mw-r 
^»mvmi 27 129 &ffix.z> 0 m 
mf-fiteami 2 5tt, wmff-v^mz. vxm&m 
*ni7 x-&± vtc*myt<Dm&&mft 3 ±.\z&t>it 

u-c^t 1 — ^fHUPAi 1 5*2*^—5^1 1 3&^Ki 
1 2 7K»6ii, ^flcflawaj-e^-ajaads/jiS^ 

l 2 9 ^ttjcj: •? , 129 Jcifcfc: 

[0 0 7 2] ±{£MfflU 127 (£(4. XT— ZSfflfflU 1 
1 5*^0^—^, Wt&'T—PtemUl 2 5^P>(DW^ 

mmmui 02. m£sffl3tMi 1 7s^f-^aist 

1 1 5&$m~tZ^b\z£ V, V— VMT.mW.2 0 0:£ 
[0 0 7 3] tfjlr, 13 2 1 XtfH 2 4 ^fflV^T > 5}C|tffi 

1 wicfiia \s-*?MT.jrm&mw-f2> e e 2 4 

tt, tfinx^-jfe^UiBj-r^fcfew^n-^-y- 
[0074] uaxtt&tb 1 ©3tBi^HK#tt^SJ^ u 

V^*<Dl^-1f3feLt3Bfe-r* 0 1 «r3B^ 

•T5 (SI 0 1) „ ^tc, Jpx*Mfei»l(OlSESSrJW3£i- 

5. v ^coiBij^^s.^ipxM*^ 1 <Dm$r&&mz. b 

-C, iPXJWfc* 1 ©Ztt*^i©fii?r*!lt5 (S10 
3) 0 ^tbtt. \s—^ftL<DMyt&PfcMJLM&%)l?>Pi 
m£GLW.tS1tZ>Tclt>tC, J0X^^JlO*®3lCM-r 
S I — 1f#Lro*3fc/R*»£ btoDPX*r*4fc 1 OZ$ft*- 
|S]CO^»i*-efe5o wO»»ft*^«l«iaJl 2 7(CA 

[0 0 7 5] iDIttll 1 £ l"— tf*PX^B 2 00 CDfg 
1610 7 icmfi-rSo * LT> m^ffl« 117^ 
^m*&*fe**-C*DX*Wft» 1 (S 1 0 

5) . mm$titcmm^9^^5^^Mj^mmi 
<Dmm 3 zmmmir 1 2 1 jc ± anfe-t- § 0 n 

^s<5v ^xn&^-f&mm 1 2 5tt«^«i 

1 7 © pr«3t<o«{^isjfffi 3 {Cj4fii-S «t 5 KM&t 1 - 

tzmn-rz (si 0 7) . 

[0 0 7 6] :©Mf-^tt^f-i?H(|p»l 1 5 Id 

xT—im&tol 1 5(4, CcD^^-i?^ 
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S^LTZW^'7 1 -v ? l 1 3^Z#^[p]<0^tt$-&S (S 

log). mmmmzi i 7<DBj&yt<DM 

j&#*Bi 3 fc*5, ffi&r-ftimUl 2 5 

»^ 1 ©SI 3 £D$!;»f-^ t5. rcDiS 

^Cifiif-^Biftii^l 2 7Sr^-bT* — 12 9 
icS&btu, ^ftlcj:^-* 1 2 9 fcSMJrFJfe?-*' >5 

[0 0 7 7] £ftflil|9P€|S 127 tC^tf?;*^ y/SlO 

^ftHl^PSS 1 1 5 fct ^ O^lb*^- * ICS-^V X T , U'-IF 
l 3tcj;f)JPXM^l^Zi|*^ffij^ii]$ 

(S 1 1 1 ) o 

[0 0 7 8] WC, HWil®2 0 1ia^ U—if 

n&zmm-fz (si i 3) . mpimmmn2 o i 

INT l/4Sfcgt5»;fr{fc8 e Sr^x5 3l^tcj: 

Otf R^<D}§RffiIftEP&ir-r 5 ^— r3feL*#5 riri? 

[0 0 7 9] *i\ MJLtt&M 1 ^Ytt*|p]{C^oT»P 
^•[6] £-grT Si 5 KSItH- 5 (Sl 1 5) „ rHtt. 

[0 0 8 0] YW|RllC?&oTai^ 1 srjox-rs 

OT% 9 0° [§]ijepfi?)gi$2 0 3fi x L ifftL^MSr 

IaI^^^i/Nj:5^®Sri-5 (SI 1 7) „ <o „ 

1 / 2 u~ !f3tL03tiS*H2:e«**5ibf^ft- 

[0 0 8 1 ] ' !f«l 0 l*»feU— - !F3fcL£f&£$ 
-fr-C, l^— If mSr*PX^!fe i 3 COYfft^fpJfC® 

VltWVrffe 1 ?* > 5 (cmtt-rS. HI 2 5 WS&PXat** 
l(D3pM|2I-efeS„ - if3feL£>ffrR{13tEPcD*ffR&^ 

■f *ttasjni*Hfc» i ©-#*ro-9J»f^^7^ v 5 left 
z>„ ^-^^(D-m^^tMT.n^ i <^f^gi5ic^:« u 

SJWrf'-S^'f ^5fc»5 J: 5 teYtt*y>- 

5 {eft 5 <k 5 icinXfctfMfe 1 wrtSBtc^i-S,, 
[0 0 8 2] ttt, xm^— i?l 0 9 Sr^tb^-tfT 

aim LTHijai^^ico^sffs^-f v 5 (eft 5 «t 
irtciip, ^d^Mitc#§j»f^7-rv5tJ:?&oTiPX 

i <Dfti®\zi§Mt!mmm*tef8c.-rz> <s 1 1 



9) o ie*siflS3tLP<o^— r3tLSrjpx*f«mfcuc 

fc — -9* 3fl£L«>liGKHH3teLP«>rSa # 3as*pn:*h|t«j l ©isoBMf- 
y 5 teft if3feL*sjnix*r«t«5 1 ie 

[oo83] &je. 9 o° mtenflsiv 2031a?), 1 

/ 2 2 0 5 (12 3) & U--!F3feL©3te«Lkfcffi 

ffi£-fr6»ffr£r-?-5„ m<e£*K tSR^gji«C2 0 1 
^feWlt^^fcU— !f?£L<Dfil7te£9 0° «»t@(E$-fr 
■5Wtt«r*-5 (SI 2 1) . 

[0 0 8 4] &.\^ U-^tftM 101i^ 1f3teL* 
3§££i*rT. U— y3teLS:«lX*r««) 1 <Z>itffi 3 ©X$[ii# 
^i:Syf;Dift7^ v5lcfiSM1-£„ 02 7fi^qx 
*t&<& 1 <D¥® 5„ u— !f *L©fflP3«3tEP«r* 
■TffiR©««!lO*iSi*sjPX*ttfe«i 1 O-#T<0X*i#ra 
iciosMfSy-fysicffi? £5 {cut, *ax*f^ 

jnx*ttfe* i ©rtgc^au-cvNSOT. ftRus&fii* 
«aoxjWfe*iortfiuic©*»riisna. swrf-je^ 

vstr^o-t^l-xliii^^-^i o 9^#»j$-B:r. ^ 

[0 0 8 5] ^U-C, YW^X-v 7 ! 1 1 

T, U ! 3feL*s-r< , ±0§J»rf ; -3t7><>'5Srfig|t-r5 
>T > 5 |C» 5 <t 0 \ZMTM%L® 1 <Drt^^^i"So r 

(SI 2 3) . /£ib\ ja«l{S3feLPWV— lf3tLSrJBX*ttfe 
[0 0 8 6] LT. APX**** 1 £12)1^ V 5 

(si 2 5) „ iwat), joxatfMfci Sr^i; =vf 

[0 0 8 7] JBlW©a**4rRMi-5. ntbfc:<tttfi, 

s*s*#tr*»ojpx«*« 1 oftn 

V 5 t£fl&tt LTV ,, 2> <) ^ErbT, Xi^f-i'l 0 9^Yf| 
^rr-^l 1 1 Sr^Si^-tirSr «#/BtP«r«J 

lcort|fJ5Jc^L-CV>5 0 *nx*Mfei»o«JWfr*tt0flJ: 
fi?rfea>Ofi^!6S*>Si:, *nX*Hfe«i*rtbtStW/hSJte*t? 

t LTf|fft7^ >5^»oTJnX«*«l SrfiJSd 

t^t?#So rtLicit), *pxst*«ji©*ai3tc«jwf 

^ 5 *»&^jxfc^S*««J*tSr3B^$*5 r. i: 
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[0 0 8 8] S&109K ±*Ui, *PX*t*<ftlkl# 

feft 1 SriSi® U MX&gtVn 1 3 -?tty<A0* 

[0 0 8 9] fit-kRW Ufc J: 5 i-m l tfBlcfcftJi, *PX 

i <omm3 \mm^y^< > 5 i>*h9tivtz*im 

ft®lti j mm&*£ C5rt4<, aniatAto 1 *r£J0rf 

*® m^f^f * Mis. £ v n 3 in xat & k o v > 
[0 0 9 0] fg 1 09tc .ttui. iraxstft* i <oa? 

•#fr^y^fcft5««PI±©IR]»H-eifo5. ) Sr/h£<T 
-ft<Djpx*l*«)l*»e>f^»$n« 

[0091] sg i faic anxssHfe* i rota 

fflv^fc^^^^it) t>a»t>fcapxas-HnjitJte5 0 en*, 
rf, 029 tc^-r «t 5 teSJWrf-je^'f y5«« 

[0 0 9 2] IlWatltf, 7 

jc^-r<t 5 i-Anx^#j i Kite, ^>vv^. ifmoffl 
> 5 icfe-Dtz? ? v 9W&*teffcrz> n i: ^-e 

f&-C#5<D-?, *PX*f^lcD*PX^fc°-KSrfR)±$-l± 

fcfo* tjffiot^v^co-c, jpx*f^ i zmm^fe^'f > 

[0 0 9 3] [#2«]&k:, ^Mffi^2^!llCO^ 

■riwxsat 300 <Dm&m&m-xftbZ> a 



300 <Dmtimm<D 5 *>, 121 »c^-rjg 1 n\c« 5 

— rSDX«jB2 0 0©«j«Sl5Rt(SI-S?*l-ov^r4IBI 
[0 0 9 4] l^-if*PX^tt3 0 Oiat, Il^l©9 0 

2 i 3 tc<t 9 , stfi-& i o 7 ©x-Y3pasaymx*tfMfc i 
J: 9, *ffR3sP8Jilfl5 2 0 sa»btmt**tfci — • V%L<ry 

[0095] *$im©i 2 u—rapx^jfe 

^)lc#su— ifJPX^&w^^s/^si 0 li>^ry 
^Sl 1 5<D»#^i-5 0 jB2«f«tH:9 0 o [§«SPSJjSfl 
2 o 3^l•te J i^Tv^^:v^o-e, iSfe^^^y^Sl 1 7 

[0 0 9 6] ^^i/^Sl 1 5^. *T?7°S1 1 9«Z)1(J 

ffcjsfrfctfua. ^r*-C<o»^(c«t 9, »2«t*sv^ 
t>!B l M i: IRMKlcAiXjtf** 1 11B 2 5 ic^i" J; o \cm 
X$4xS„ ^O^, *JHsm% \ 1 5^9^^-^- 

^2 13^9 0* «»t@te£*3*J«J*-*-S. rcO 8fA 
^x-^2 1 3 coiU^ir J; 9*nxa*» 1 tiX-Y^Pffilc 
*5VNT9 0° EHEi-a. m^J:9. El 3 1 ic^i-J: o 
IC, -r-e{c3feS^^X5gdS^TLfc§3»f^9f V 

[0 0 9 7] *tt, ^T->/Sl 1 9 <bl^«ic N 

iP3fcL&ini*i*<» i ^^tt-r?, r. J; 9 , **»ibliK 

iwaafittSr^-t-s. ^.^y^si 2 5 tin 

«{c uTanx«*% 1 «r«j»f u *px«*«» 1 y => 

[0098] J^_ktfc9§ Lfc*HSB^fli-C^ #^SilR 

fil***t1«R©S#*f^^DX#Jfe«jo«)»rf'fi9>r 
v<!:»5i5tc, Jpx*ttlt«>«>rtfflJlc«3fe^Sr#t5*T 

^Dx^^iic v— *fit&mm-r?> zticzv anx*Hfe«i 

=&§)®fUTt>J;v\ r*x(cio-ct>*PX«-*^iSr«l»f^ 

yi;?BoT»65ic§i»ft5 r <t a* wist fcs. 

[0 0 9 9] 

KH©»*] 3(c|SM{^5l — if*PX^&05U— 
JPX^Wcinfi, *PX*r*»o*BBfcj8EiK-^D||rf^ 

mrf^^^y, m&qKD&amm »#s*9^ 
— Ftiattm&xfu— tfAnx^Btcttn^ 

««^^-e^acD-eiPX^^^PX^f- KSrlSl 
i^tsitm^ §fetcipx*f^Sr§)»fW7'f 
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[EiE©i!&¥&f&w] 

[@1] *«^«Jc««u-1figi^j5felcJ;oTu- 
[S2] Hi H:*-fJnxSMfeft©ll-ll«Hc»ofc»rB5 

El-cfc£„ 

[EI 3] 6 u»— tPJ5nx^5£{c«t-5^-1f 

*p x*g nn^m <o^m -e & s „ 

[14] El 3 tc^-t-Jnx*hfeft©iv-lv«lt»ofc»rffi 
El-Cfe^o 

[0 5] BI3tc^-«px*ttli*©v-VilS»!:»ofc»fB5H 
[El 6] JDI^ftCio t«»f 

$ftfc*px*Nfe^w®Ei-e*>Sc 

. [H7] *5E«i»ffiJ!:«a l^— !fjpx*-fe(c*3(t?,m# 
[EI 8 ] *3&t&&flBK:tt 5 v^-if JPX^-few^ 1 XSlc 
[EI 9 ] $ i^-if an^SsOSB 2 XSiC 

*5»t*ipx*fjit4ft»©iif®ia-c*«. 
[ei i o i &mmMm\c&z ^-^mn^m<Dm 3 is 

[EI l i ] #£l»fStc£S.5 u-if jpx^-&cm4 xa 
[Ell 2] *3«»»c«*u--WiDX*«teKJ:!J«»f 
fcEI-Cfc-So 

[Ell 3] tSSHMCffSi^ r»PX*-felc*3{t5i- 
[El 1 4 ] BJIMl)fccD/-?yv* u— tf 3t«rJ«m-S - h K 
[Ell 5] R«C©^u- •fftSrBWti-Sw&fcJ: 

[EI 1 6 ] EI 1 4 iC^-f* V^/P©XVI-XVI||»C»ofc 

[Ell 7] Ell 5tC^-t-9-V7°/WXVII-XVII^{c«io 
fcBlrffiEl 

[Ei i s ] ^njte^figic^s u-if mn^mc x v?? 

ofc$B^(DTOE!-e&5o 

[Ell 9] JtKEtftSu— FMJlJjmK&VP^yfm 



[EI2 0] 3|c|SlK^flB^«S*IfP3«3tSrLfcu-1f3ti 

[ei 2 1 ] *mtmm<Dm 1 wc^a u—whjxm© 

«&#£j&E|-?fcS 0 

[Ei 2 2 ] i m\mz>tfm*mmm^ 

&ti% i / 4 ifefi^w^mEI-efo 5o 

[123] *mmmm<D?% i 9 <r njssMge 
i^^ns i/2^««co^mEi-cfo5o 
[ei 2 4 ] xmrnrnmnm 1 rapx^ScS: 

[025] *HJfeM©m 1 «fc«fi U-iPAOI^ifefc: 

^^©^FffiEi-efcSo 

[EI 2 6 ] *2tmm<r>m l 09fc«S tf MJL2>m\c 

zn^WJfSEl-CfcSo 
[El 2 7 ] El 2 5 IC^-TV ai^lc^SQK^UB© 

[EI2 8] EI2 6{C^-T->y 3 V^«^|C*|gJg^CD 

Sg 1 WI^S tfiPXMiCt 9 itisnift&^r-rs i" 
[ei 2 9 ] *mmm<n% i ahc^s y*ox*fefc 

«t 9 Werte^^ - ^SrKWi- 5 fc«xo*DX»*«© 
¥KEI 

[B3 0] *HM0»«B©JB2«fyii«5u— U»*px»»o 

laai] ei 2 s^-r^xy =«v^ai^{c^iimM© 

SB2«f9lz:«a u-^PXzfrifclcj: «j«R{H**Wi-5 ^ 
[^coift^] 

1 • • • iPX*MM*K 3 • • • 3*B, 5 • • • SUBr^jg 
7 • • -efeK^HJge, 9 • • • ^'^18, i 
i • • • iyy =j^!7^^ 13 - •■ ^Ma«, 7 

0 • • • 9«CS^, 9 0- • • ? 5 y 101- 

• • u— tf jfcaa, io5 - • • *ft/H i/vx, io7- 

• • 10 9- • • XW^X— Ill- • • Y 

$i*-r— ^ l l 3 • • • zfft^-r— ^ N 2 0 0 - • • 

TJPX^fi, 2 0 1 • • • ffiR$», 2 0 3 - 
♦•90° HMEMfllflRt. 2 1 3 • • • 3 

oo-.. wnx««, p • ♦ • ft^^c, lp • • • 
iEMHiak EP- ■ -*tR<13t 
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[B5] 



3~ 1 




0 1x10" 2x10" 3x1011 4x1011 5x10" 6x10" 7x10" 
t;-/7/<o-Sa(W/cm2) 
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[SI 1] 



[HI 2] 
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[014] 



[Ell 5] 




[mi 7] 



[02 7] 




[S3 0] 




(51) Int. CI. 7 MME* FI 7~7>-K (##> 

B 2 3K 101:40 H0 1L 21/78 B 

(72)?&ffl%- (*3lU j£a F^— 3C069 AA01 BA08 CA05 CA11 EA01 

»HR*tfcrtjrfj»l»ni26#Jffi©l EA02 EA05 

h = ^^»S;^tfcF*3 4E068 AEOO CA02 CA03 CB10 CD08 

(72) 3691# ftllKm Wilt DA10 DB13 

^|Ba*ffi^rtJm»BT1126#«ec0 1 m&ft 4G015 FA06 FB01 FC14 
V =^9 
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